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mm 1 1 mmf±^mt^mmm i i i -vm\t 

I - \/mt^^mt^m<o^ v 'J riSjg<^) i /3 o w± 
I - vmt^^mmo^ v >; rzSfg<^) i / 1 m± 

[000 1] 

h<DX'^i>^ 40 
[0 00 2 1 

0. -e<^3^$i)^t)iti 1 . 9eV;»66. 2eVicm^X 

a N . ^^*tf i O r 

r)2- 5X10' cin/siSi, GaAsfcJca^Si 
C^cl;k^'r:^^r<. ^fc. ®ia^?^c*$;^j5 x i o» v/ 50 



1 1-2 1 4800 

2 

[0003] tC6X\ <^<^w^riX(<^^^'yic. -m 

itr^wcMmni^mt^fcmAL^nxhsr. co>tc 

[0004] ±'^COl^iii<Z>^^. ^>?lAtCcl: DaS^ 

mtiimm-^^±icm^r^ct^'^X'i^hfc^. 

^^gftf^ii^ocwm'd^^O. GaAs^<^^ 
tc fo ^> S^^^iltic c*tj i ^ c (0 ^ > a A 

^^-Cti. S i om^mu^'' 1 - 1 e V < . ^ 

:^m\iix{mmf±i>^^nti^^mhnrj,i,^c p 

[0 00 5] ^-C. GaNl^*«Si*^W'/<:**gEft^S 

icr>i,^x{t. ^{trxic^miti^rixi^h 

A^^ J:-S^]Stetn{kS^ tc^tM^x i^9:^tfmm^^hn 
Xi^^ho c<j>^%. 'Y:f>aAccj:>£Si5tn:ft?iior 
cntx^c^n^infci><Dicri\,^x^m-t;ht. xom. 
^)x^h. 

[ 0 0 0 6 ] G a N^c^^' ic:^i1)^<Dmm^^^th^ 

e < Appl , Phvs , Let t . , 42 , 430(1% 3) -C'^ 0 , ^ >li i 

hxkt^'} 'j^^A (Be) ^/;:t*^s (N) ^m^e^n 

^^B<t^CtXh'?ic, 'XCC, Appl,Phvs.Lett,,(5 
3,1143(1993) tCfcC^-C, ^^^tt^Bfl^iT^ ^ :t-> 
?iA<^)'r:t>SiOr7-;.S (F) ?:fflt^fc«;Cii^g*2 
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m^^^h^^^ntc ( Appl , Phvs , Lett , , 66 , 3042 (199 
5) fc JrO' J, Electron,Mater,, 25, 539(1996)) o Cn6 

AC0'r:*->faiLrti, ^0[ii>HC:fm (H) 4(JJ:t>'^ 
(He) ^i^fi^^n-Ct^^ (IEEE lEDM proce^di 
nqs 96,27(1996) <> 
[0007] 

tCH. N. 0. FfoJ:0'Be7!)ilS^5nrc^-5>* Cti6 

3t^Ct ^WS^mrC-^ < ),Appl ,Rivs, ,78(5) . 3008 

(i995))o ^etc, N. FfcJrOtBe^. ftjit^f^^^ 

T -5 c i 7)^ r- ^ ^mi^i^ g ct o'* 
[0009] 

MS-c^fe^ci^mc^ilJUirco Btil I liteTtS-c^ 

0. tf^)0<U (Ga) PT^i^^^'y^ (A I ) i|=Ite<?> 
a A s E T{C46t^^]Sfettftffl<^^ t >a 

[ 0 0 1 0 ] 2tc^^#ti. Ga^mm^cB<D^:t:^ 

^ioAio tmm<DmMt. mt^ic^txoji'y^cbxir 

^mmB: (MOCVD) i*ccj:0l?i]^l*5 6 0*C!£JS 



!ft§iW 1 1-2 14800 
A 

ff5^i^2iimC07>K-:^GaNJi. mi^m). 2 am 
XS i^3x 1 0"cin-' K-'^'O^rciiMGaNgfcJ: 

0. -:^-$rl«i4 ( 1 ) . \bl7^l^n(2) tt^, 
X. litW ( 1 ) i^:iiB^aXi^wL^-6 0 keV, K 
X 1 O^'cin-'CD^frr-Yt^TlAO. IJtt4 

(2) cctiB^:a7^x;r^^l'^''-6 0 k eV, K-;^'S2 
X 1 0'^cin"(^^frr''Ct>?iAL//i:o 'e<?>f^. cn 
^CD5itt4 ( 1 ) 4c;J:y^'I^W < 2 ) cc4sC:t^B. S i fcJ: 
O'G a <^?1 ^ r5)<^>^^:>*o 7 t ^l^ 2 :X t 
^ffr (S I MS) ?4ccj:DifJ^0fe. -e(?>it$.m^[^ 1 fo 
J:0f@2tc^T, CCr. (1) , 02;>^l^ 

14 (2) i>cr>i,^xo>i><J>Xh^o 

[00 1 1 ] HI *JJ:y'll2J:0. SOkeV<^)SAx 
^^^l^'-<^>^^C9Bv^iS<^)t--i^<^iS^^lirjO. 15- 
0- 1 6 inn -C^O, gmic J: ^^SifgO- 12mitiJ: 
Oia^/O^ofco ^£4.5. lll4cJj:0'Ii|2{C4<5C^t:. 

[0012] '-x^c, i^nn) isJiv^tm i 2 ) ^^n 

OO'C. 4 0 0*C. 5 0 ox. 6 0 OX. 7 0 OX. 8 

oox. 9 0iyvx3o^rm^m^t7^tco co^m. 

i^^xmmr^, j^fe. B<D'<^>iiK^nt^Ui<^im<^ 
him^f^m 1 0 0 ci/Dr'*>7A;o 

[00 13] BOV-'Xmiinx I iy'cm-'<Dtm 

/c;r<:u. m^mmimmm ( i ogq/d) 0s/ 

r^-^CJ^c^re-^af^^l^jJ^^j^^iCDC^. 5 0 0Xt? 
^ 1 MQ/Dflg<^iac^^'- htetafi§*^?ie.4a'C4csO. 

4 0 trcxu 1 0MQ/nfm<ogfi:)'CiSt^v- bim 

mmhnXi.^^0 iMQ/Dit^^^'-htelnfiSl*^ 

+^>{CiSl^fit'CA-S>7»e^. ^:t>?lABy(^l;j^^- Ft6 
1 0 0 Q/n<0mi^^c1t!i0Xict. B0> K-xm^ 
IX \0" ony^trtii^t. 5 0 0Xii:fcl^t:^lMQ 

^iS^T -5 C i ^^^^-C 5r ^ C i ^'>t>i)^ h o 
[00 14] B<^K-Xg:^>i2x i 0''cftr'<?> 

liiiM (2) o^^-v\m\mWt^n}mit^^^mAi.c 

mt^kQ/nxih^fc, mAiy-^hM^^ji^ic. v-- 
^ ternteii 2 0 0 XX 1 0 k Q/nfigr-^ 0 . 
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[0015] ^-C. in lic^n'ri^^4 ( 1 ) <^S lUSy 

3x 1 0"cm-"C^>0. ttc. ^<D\'-t:>m<^m 
^?:0. 2^^m^r^t. 3xi0''x2. 5xi0 
= 7. 5X1 0'' Cin-'COS i ii^\^-y^nxi.^^^ 

7- ^xiO''cir'V^^Ct^^^^t?M^^. S 
I <Dit\iitmt{m 1 (10 0^) -C^^ C ti}^^t>i>^ 10 
-^JE^J, iiil<7>s iJl^::>^'E*iiilo?^^^;>i4i;fc^ 

r. 5 0 0 Vr:h 1 MQ/ny.-b<^>+?>iC]St^^'- hts 
tag^Ktl$f -5 C i -5 B<^ K- Xgti JziSco J: ^ 

ffifn-C^^tirX'^^:^^^^. ?150- 25iiin(Z)iC6 
Vh^^mv^i>^t^t. m IJrDCOl^^O. 2 5 
wm{cfct:f4BzBJa(ii^2x i 0'* cm-'Vh^^^h. 
S i ESiS= 3 X 1 0" cnr'tcMo-C. B^^JS 
( [B] ) e*fT-S.S liSfg ( [S i ] ) <Dtt [S I ] 
/[B] = 3x1 0"/2x 1 0"cm-'= 1 Sfli^i 

^fD. ^^1 5iS]tcBii^*u<iM[tr^c<b^ci:£^o 

[0 0 1 7] '^X^c, B<^F-XS7>^2x 1 0"cnr'(?> 
I^H ( 2 ) ccoc^r^x-C-^f^o C<OIXW < 2 ) <DBo> 
K-Xglil^M < 1 ) (DB©H --XS<^ 1/5^*^0 30 

•Ct. B<?>'Y:r>aAtCctO>r^>aA95<Dl 0 OQ/ 

t*. iSt,^V- htetafiatCig0^ft,^^'^t*B<0^t>?^A 

iSTiconr^fi^ ^ Amtc^*T^iSifi$ift©^.« 
^ > ftAsr-t^: . -eiopfa 1/2-2 \§n&<o ^ t >a 

V^^BrntS-^l^X. [S i ] / [B] = 1 5ici^fil 
\m^V\tf£<. 1 /2 ^2<S!iS<:??#r£f^m^><^>?>^S 

o. 'e<?>i/'3 0fij^jy±©BY^JES'c*nt*j:c<icc 
[ 0 0 1 8 ] ^ fc. y.±4*. s 1 7!^^ 5 n/ciiMG 

S i ^0>fti,O> K K - n/c ii G a N .^*a@(* 
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Hi y 5?7>^ K - n A: p G a N ,^4^^i*Ji tCiSfeWH 
[0019] *^^#ii:j:^w±(^)j:^^f 
[0020] -r^tt)^, ±ieBfi^^j^F)tf ^^-i^ic. c 

?^IC ct 0 ff^J^R^ ni^c ^(^-C*^ C i 5: waft i -r -5 fc<^r' 

[002 1 ] c©#fe^<?>i^2<^#few. mm^^mifh 

^ > a At- ^ c i cc j: 0 iS »WfI*?S ^ ff^ fiS-T ^ ^ 
[0022] CCO^fe^gcc^dc^r. *S£f*gg(?>i*fflSiS 
M Q /Diai. ct *3 a? 1 0 M Q /DWiX'^^o 

-vmt'k^^mwm<j>^ ^' »j T?i^!g<3? 1/30 

J:Di!mtclii / I 5y.±X'<3b^o 
[0 02 3] C<Z)^^tCM^r. \ I I - v^ 

[l^^^mi^m^t. Ga. A I. \ wi^J^iUBii^hUh 

^^m{^m<DM.Wm^miht. GaNJl. AlGa 
Ng. Ga I iiNH. A 1 Ga I nN^^fiX'^^o 
[0 02 4] h^(J>J;i')i^mf^^ntcC(J>m^KC^n 

(B> -Sr^^f^a^^Tl^i. Biic:<Z)^fk!te.2^l I I - 
V k^!fe!*§f*@co*Sai*itcMA L -CiteaiS^i^:®.^ 

^tti>^\m^A I I -Vj^ft^iH^Si^^m B 
<^>r:t>?iA^i:J:0. Ga tNi<?>5S^?:>^^ftfr5ti. ^ 

CWciO. CCDB:iW*>^A5n/cp.*§!itiiStefiifb$ 

n-S), sfc. cne<^xFat*^xi*5 0o*c!ig<z)]&-ia 

[0 02 5 ] ^j:4tJ. B^'r:^*>?lAL./c^ft!to^I I I 
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[0026] 

[ 0 1) 2 7 ] f r; c 0mM<om i onm^mc j: ^ g 

[0 02 8] C<Dm\<J>nm^mi^Cij$i.^X\t. @5AtC 
^r-rjc^tc, cBl^:7 7>^rSffil±tcM0CV 
D^itr J: 0«^(S:5 6 0 *C!ii^<OJSgigi^r'Ga N^v-;- 
V7g2^iSfi5£^$ii-m ?l3f^<.^rM0CVD?* 
tc J: Dfi^xli 1 0 0 0 'Cff fg(^fiS&iS(gr C<DG a N^^' 
cm" (D'i&m^ K y Otc II MG a N ? V 4 ^L.^ 4 ^JlS 
^Xfi£g3ii-^. :;^:tc, nS^GaN^t^^JL'Ji4±tc0^x 
tiSiO, Ig^Si. a<?>J:^^j:5&i»ig5?:CVD 

[0 02 9] xic, mbBicih^ji^ic, ^ms^^-^ 

nS^Ga N^i'^Jl'J14<^=5^H^ ';ri»(t<^)l/3 OW 

¥- 6 0 k e V . K-XS 1 X 1 0 ^ ' c in" ^<0*f+ rli 
[0 03 0] Iil5CiC^TJ:^>ic. 

^{CcfcO^Bi^mtiT i /A I le^T I /A 1 /P t 
□ 5a. 5 1). 5c<^^J>fc-enenv-x^fii7, K 



C5) l^mW- 1 1-2 14800 

[0 03 1]iXtc. mbOiCihrJi'yiC, FETcoVa 

J: D ^Stcmt^T I /A ull^T i /P t /A ulS^f 

glO. nMGaN9^v^»;l'^4. v-;i^g7 4t5J:y' 
KH'>^g8iCJ:OGaN.^FET;0^^iffi^n. 
•^h^^'-^Sll, nMGa v^^^^J14foJ:c;'^1S 

[0032] iXic. iemJfM^ccmr^as^^iganL. 

♦J ffMO fcm. f^\K\m^Mmmc J: 9 ^® ccf?!) ^ T 
i/Pt/Auia<^J:^^t!^Si^^ff^R£'r^o c 

tcr^Sf^o cntcji^-c. v-;^^fi*7 i^^P^^cctg 
30 tc^^^nfcSE^i 4 7(>^ftM5n^^o 

[0033] U±<OJ: ^tC. C<D^ 1 ctn 
^^^^g|^.*^<^nMGa N^v^ol.Ji4tc. c<?>n 
MG a N 9^ Hr ^^^I^Ji 4 <0i^ t »J rv^jgco 1/3 0 ia±. 

^^m.%m^^n^Ctm'iih. CO)fc^. GaN 

40 iSiaig. SS. 7^^;^<?>Sttfl6<OGaN.^FET^;*Ja 

[0034] '^X^c , c (^^Bj<7>® 2 (DW^m^^c J: ^ G 

-@8ccc(^)S!iS:^li^^To C<OGaN9K:4^ig^ftu- 
l^tiSCH (Separate Cbnfinfijwnt Heterostructure) 

[0 03 5] C<^)®2(^*MJ^tc4i$c^rii. ^Scc^i^ 
f<i:^cc, ir. cat^7r'{rS^2 l±ccMOCV 
D^iiCi: 0 «At*5 6 0 XfSJScO^giSi^r'G a N^' ■> 
50 7 7g2 2^f&ia^^^^ycJjl. ^ISr^C^-CMOCVD 
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Sic ctO CiJ^G a N^v:':?^^ 2 2 iiCnMG a N =3 > 

zSi6S27. p3^A I KB2 8fcci:a«pM 

OaN^>:J?i' hS2 9?:Hi:XJS^5i+^o CC-C. I 

MA IGaNi'^-^ KiS24. nMGaN^t?»Kg2 
5. pMGaN7t39?SS2 7, pMA 1 Ga N •> K 
S2 8feJ:y''pS?GaN:3>^i' h^2 9<?>;?Sgmt* 10 
mt^l OOOXfiJSiL. I n^St'^Ji'C'-^b^Ga 

In. N/Ga,.> I lu N?mSi^^^«a<^vi 
ttg2 6<^J?Xgigai*^^t^:7 0 0- 8 0 0 'CiT^o 

77B22ti50nm. ii3^Ga Nr3>^ hg2 3ti 
3^im. nSSA iGa Ni^^> HJi24tiO. S^rni. 
n3^GaN^fci3¥ieS2 54*0. liim. pMGaN^zS 
?SS2 7tiO- Niin. pS^A I GaN^T' -;' Kg2 8 
lit). 5iim. p5iGaNn>^i7 hg2 9l*0. 5 ii 
ini-r-So ^^c. nMGaN3>^^' hJi23. iiMA 20 
I G a N 5? 7 KS 2 4 4i5J:o'n MG a N^z9i6S2 5 
iC{t\'t--tLxmA.\ty^)^l^ (Si) 
P^GaNjfe««S27. pMA I G a N ^ 7 Kli2 

(OStW*§tt{b. !t$tup^GaN^^ifiS2 7. pSA 
I GaNi'^-;' hS2 8 4<Sci:o'pMGaN=3>^?>7 hs 

[0 03 6] :;ciC. IiI7i^:^'rJ:^iC. pMGaNr]> 

J:Dff^^«L.A:fS. C<Ou:>;^ h ^<^->3 0 ^t;^ i 
UX. pMAlGaNi?7-;^KS2 80Jf3-frf5IC9ia* 

OBCD^:t>ftAI*. p^GaN=3>5?i? hS29fcJ: 
yp^A I GaN^^ f Kg2 8-^CDB<^?^AS^\ C 40 
n6CiDp3iGa Nr3>^^' hJS2 94c?J:y^'pMA IGa 
N ^ KS 2 8(^>+ v'J 7?^S(D 1/3 0 W.i. WiS 

t>aAti. ^f*fl^ocii. cn^cDp^Ga NrJ^tSf 
hg2 9fcJ:CitpSiA I GaNi'^-;^ KS2 8C5=^^irU 
rSft^^A6i:2x 1 0»'cin-'<i:T'6<i:. ?i 
Ax^oU¥-l 60 keV. K--XS2X i O^'citi-^ 

[0 03 7] ^Xic. ui^;^ h^^^'-^ao^i^iLfc 

pSaGaNn>^?i7 he2 9±!c;^h7>/r^t^<^u 50 
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i^;^hn^'-> im^-ti'T) ^ffJ^St. C<^)Ui>^ h>^^* 

^ - > ^ ^ X i 0 r «^ 6^i!aiStt :f > X > f > 
(R I E) ?*icJ:Ox-^^>>?"r^Ciocj:0. 08 tc 
.^Tct^tc, pS^GaN:3>^>? hS29. pS^A I G 
Q.}^^yyYm2B. P 33G a N^^ifiS 2 7 . i^ttiS 
26. nMGaNjtz9?^g2 5, nS3A I Ga N ^^5^ 
K^2 4*3i:0^iiSaGaN:3>^' hS2 3<^±g^^ 

^^<^?->^^*L/fc^fe. p3^Ga 
Nr3>^ i? h@2 9teJ:0=iSWttlIt^3 l±oct9i|^liN 
i/AulS^N i/P t/Auig7^^^vtc^piliJSfii3 2 
-$:ffMf ^ii^itc, JL.;^^ >>^$mcas^<^ii32Ga 
Na>^>? hS2 3±tci?iJ^l^T i/A iig7:>^6Jj:^n 
|R«fii3 3^m'r^o 

[0 03 8] CCO?il. ±a;'^J:^tc:0'CU-1^mia^^flJ 
nfc c S-y- T r S« 2 1 mmti t iC J: M'-- 

[0 03 9] com2<j>mm^ii^(^<^n{t. ^rnimm 
mmm>p^Gat^^>^i^Ym29iij:i>pmA i g 

aU^y yVmZSt^c, cn^(^p^GaN:3>^7>7 h 
Ji2 9fcJ:C>'p3^A I GaNi'^ -^ hS2 8<^=^ 'J T 

v*fg^i/3oy±. ftfSiciii/i 5y._b<^aASr' 
Vi^.ms 1 ^ff^^SL-cc^-BCQ-c. 05msiS7t>^5 0 o'c-c 
s/- htet;ifi^^'r-2>safiiiii!i3 i ^rfi^cij&^r'^f 

GaN3&4^^i*u--tf2tc3fc(9Sc#ffi^ 

[0 04 0] c(Dmm^m^?^^cr>i^xm^ 

[0 04 1] mit. £i^(Dmih<^u^m2o>'Mmm 
ici6i<^xmmcm. sts. i^m. ^D'fe;^?^^- 

^3S«. m m M4. 7P^z;^^c^•^ffl<.^'C^J: 

[004 2] mmc\t. ±j^O>m l 4(Jj:(>'^2<^*lfe 

XK^6i>K SW^Cfic^OX. ^it^^m (S I G) Sffi. 
GaWm mitmVd <ZiiO> S^Aii'^fflc^-C^J: 

[0043] 
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